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ABSTRACT

The insurance industry, long dependent on actuarial tables and static underwriting, is being
reshaped by Artificial Intelligence (Al) and Big Data Analytics. This paper examines how Al and
large-scale data analytics are transforming risk assessment across underwriting, pricing, claims
processing and fraud detection. Drawing on secondary data from industry reports, regulatory
publications and academic literature, the study traces the shift from traditional actuarial models
to dynamic, predictive risk engines using telematics, wearables, satellite imagery and unstructured
text. It highlights key benefits — improved risk granularity, faster claims settlement, reduced fraud,
and financial inclusion for previously uninsurable segments — alongside challenges such as data
privacy, algorithmic bias, poor model explainability, cybersecurity risk, and gaps in India's
regulatory framework, with reference to IRDAI guidelines. Drawing on illustrative examples from
Indian and global insurers, the paper offers recommendations on explainable Al, data governance,
regulatory sandboxes, and consumer protection. It concludes that realising Al's potential in
insurance risk assessment depends on embedding trust, transparency and fairness into algorithmic
systems.
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1. INTRODUCTION

Insurance, at its core, is the business of risk pooling and risk pricing. The accuracy with which an
insurer can assess risk determines its solvency, competitiveness and capacity to serve society by
transferring uncertainty from individuals and businesses to a broader risk pool. For over a century,
this task rested on actuarial science built around historical claims data, broad demographic
classifications and standardised rating factors. While actuarially sound, this approach was
inherently backward-looking, coarse-grained and slow to adapt to emerging risks such as
pandemics, cyberattacks and geopolitical shocks. The last decade has witnessed the convergence
of two powerful forces, Artificial Intelligence and Big Data, that are redefining how insurers
understand, measure and price risk. Big Data refers to the exponential growth in volume, velocity
and variety of data generated through digital transactions, connected devices, social media, satellite
imagery and the Internet of Things (IoT). Artificial Intelligence, encompassing machine learning,
natural language processing and deep learning, provides the computational capability to extract
patterns, correlations and predictive signals from this data at a scale and speed unattainable through
manual actuarial methods. For the insurance sector, this convergence is not merely a technological
upgrade but a paradigm shift in risk assessment philosophy, from static, retrospective classification
to dynamic, individualised and near real-time risk scoring. Telematics devices now track driving

93 |Page ISBN: 978-81-687720-2-1



Insuring Emerging Risks Addressing Pandemics Cyber Attacks and Political I1ssues

behaviour second by second; wearable health devices continuously monitor vital signs; satellite
and drone imagery assess property and agricultural risk without a physical survey; and natural
language processing tools scan unstructured claims narratives, social media chatter and news feeds
to detect early signals of emerging risk. This paper undertakes a systematic examination of how Al
and Big Data are being applied to insurance risk assessment, the opportunities they create, the
challenges they pose and the regulatory and managerial responses required to harness them
responsibly.

2. REVIEW OF LITERATURE

Eling and Lehmann (2018), in The Geneva Papers on Risk and Insurance — Issues and
Practice (Palgrave Macmillan / The Geneva Association, Vol. 43, pp. 359-396), reviewed over 80
academic studies on digitalization in insurance and found that new data and technologies affect
insurability mainly through three channels: reduced information asymmetry in risk pooling,
changes in loss frequency and severity from new technologies, and rising interconnectedness of
insured systems. Prince and Schwarcz (2019), writing in the lowa Law Review (Vol. 105, p. 1257),
introduced the concept of "proxy discrimination” in Al-driven insurance pricing, showing that
machine learning models can reconstruct the effect of legally protected characteristics through
correlated but facially neutral variables, even when those characteristics are deliberately excluded
from the model. Lindholm, Richman, Tsanakas and Withrich (2024), published in the
Scandinavian Actuarial Journal, examined the distinction between proxy discrimination and
demographic disparity in insurance pricing, arguing that these are conceptually different fairness
problems requiring different regulatory and actuarial responses. Cevolini and Esposito (2020), in
Big Data & Society (SAGE Publications, Vol. 7, Issue 2), analyzed how algorithmic prediction is
shifting insurance from a "pool™ logic, where risk is shared across a class, to a "profile™ logic, where
individualized data-driven scoring increasingly personalizes risk and premiums. The American
Academy of Actuaries (2023), in its article "Underwriting 2.0" (actuary.org), documented how Al,
machine learning and deep learning are being deployed by insurers for fraud detection, mortality
prediction and automated review of medical records, while cautioning that unmanaged deployment
carries commercial, ethical and regulatory risks. The American Academy of Actuaries (2026), in
"Designing Fairness in Insurance Pricing™ (actuary.org), highlighted how proxy variables such as
ZIP codes can indirectly reproduce discriminatory outcomes in algorithmic pricing even without
explicit use of protected characteristics, and reviewed regulatory responses across the EU, Australia
and the United States. Taneja, Bisht and Kukreti (2024), in Data Alchemy in the Insurance Industry:
The Transformative Power of Big Data Analytics (Emerald Publishing Limited, pp. 119-131),
examined how advanced analytics is reshaping insurance operations and customer engagement,
with particular focus on the practical mechanics of data-driven decision-making in the industry.
Pareek (2022), in the Journal of Artificial Intelligence, Machine Learning and Data Science (\Vol.
1, Issue 1, pp. 1736-1741), proposed a framework for testing and mitigating bias in Al-based
insurance underwriting models, aimed at helping insurers identify and correct discriminatory
patterns before deployment.
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3. OBJECTIVES OF THE STUDY

This study is guided by the following objectives:

» To examine the conceptual shift from traditional actuarial risk assessment to Al and Big Data-
driven risk assessment in the insurance sector.

 To analyse the key applications of Al and Big Data across the insurance value chain, namely
underwriting, pricing, claims management and fraud detection.

 To identify the benefits and challenges associated with the adoption of Al and Big Data in
insurance risk assessment.

» To review the regulatory framework governing the use of Al in insurance, with specific reference
to India.

« To offer policy and managerial recommendations for the responsible and sustainable adoption of
Al-driven risk assessment.

4. RESEARCH METHODOLOGY

This paper adopts a descriptive and analytical research design based entirely on secondary sources
of data. Information has been compiled from peer-reviewed journal articles, working papers of
international regulatory and standard-setting bodies, annual and thematic reports of insurance
regulators, publications of global consulting and actuarial organisations, and reports published by
Indian and global insurance companies on their digital and Al initiatives. The collected material
has been synthesised thematically under the broad heads of applications, benefits, challenges and
regulatory response to arrive at a comprehensive and balanced understanding of the subject. Given
the qualitative and conceptual nature of the study, no primary data collection or statistical
hypothesis testing has been undertaken; the paper is intended to serve as a conceptual and policy-
oriented contribution to the discourse on Al in insurance risk assessment.

5. Al AND BIG DATA IN INSURANCE: A CONCEPTUAL FRAMEWORK

Traditional insurance risk assessment relies on actuarial classification, wherein policyholders are
grouped into risk pools based on a limited number of observable variables such as age, gender,
occupation, geographic location and claims history. Premiums are then set at a level sufficient to
cover the expected losses of the pool as a whole. This method, while statistically robust, treats
individuals within a class as homogeneous, even though actual risk within any class can vary
considerably. Al and Big Data enable a shift from class-based to individualised risk assessment.
Three data dimensions are particularly significant in this transformation. First, behavioural data,
captured through telematics in motor insurance or wearable devices in health insurance, allows
insurers to observe actual risk-relevant behaviour rather than inferring it from proxies. Second,
alternative data, comprising non-traditional sources such as utility payment history, mobile phone
usage patterns, satellite imagery and social media activity, allows risk assessment for individuals
and small businesses with limited formal credit or insurance history. Third, unstructured data,
including claims narratives, medical records, call-centre transcripts and news reports, is processed
through natural language processing to extract early warning signals of risk that would otherwise
remain buried in text. Machine learning models such as decision trees, random forests, gradient-
boosted trees and neural networks are trained on historical claims and policy data to predict the
probability and severity of future claims. Unlike traditional generalised linear models, these
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techniques can capture complex, non-linear interactions between risk variables, continuously
update as new data becomes available, and be deployed at the point of sale to generate near-instant
risk scores and premium quotes.

6. APPLICATIONS OF Al AND BIG DATA IN INSURANCE RISK ASSESSMENT

6.1. Underwriting

Al-based underwriting engines analyse a wide array of structured and unstructured data points to
generate a composite risk score within seconds, replacing manual medical examinations and
lengthy questionnaires in many retail insurance products. Accelerated underwriting programmes in
life insurance, for instance, use predictive models trained on prescription histories, motor vehicle
records and consumer data to approve policies without invasive medical tests for a large proportion
of applicants, significantly reducing policy issuance time while maintaining mortality risk accuracy
comparable to traditional underwriting.

6.2. Claims Management

Image recognition algorithms are increasingly used to assess vehicle damage photographs and
estimate repair costs automatically, enabling straight-through processing of low-complexity motor
claims. In health insurance, natural language processing tools scan medical bills and discharge
summaries to validate claims against policy terms, flagging inconsistencies for human review. This
has substantially reduced claim settlement turnaround time while allowing human claims adjusters
to focus on complex or high-value cases requiring judgement.

6.3. Fraud Detection

Insurance fraud, spanning staged accidents, exaggerated claims and identity misrepresentation, has
traditionally been detected through random audits and rule-based red flags. Machine learning-based
anomaly detection systems now analyse patterns across millions of claims to identify statistically
unusual combinations of variables, such as claim timing, provider networks and claimant history,
that are indicative of fraud, often catching sophisticated fraud rings that would evade simple rule-
based checks.

6.4 Pricing and Premium Calculation

Dynamic and usage-based pricing models, most visible in telematics-based motor insurance and
wearable-linked wellness insurance, adjust premiums based on observed behaviour rather than
static demographic classification. This granular pricing rewards lower- risk behaviour with lower
premiums, creating an incentive structure that can also contribute to accident and illness prevention,
aligning insurer and policyholder interests more closely than traditional flat-rate pricing.

6.5 Customer Risk Profiling and Emerging Risk Assessment

Beyond individual policy risk, insurers use Big Data analytics to assess aggregate and emerging
risks such as pandemic exposure, cyber threat landscapes and political instability. Satellite imagery
and weather data support parametric agricultural and catastrophe insurance products, while social
media and news sentiment analysis provide early indicators of civil unrest or supply chain
disruption relevant to political risk and business interruption insurance underwriting.

7. BENEFITS OF Al AND BIG DATA ADOPTION IN INSURANCE

* Improved risk granularity and pricing accuracy, reducing cross-subsidisation between low-risk
and high-risk policyholders.
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» Faster policy issuance and claims settlement, enhancing customer experience and trust in the
insurance process.

« Enhanced fraud detection capability, reducing claims leakage and, over time, lowering premiums
for genuine policyholders.

« Financial inclusion, as alternative data-based underwriting extends insurance access to individuals
and small businesses without formal credit history, particularly relevant in emerging economies.

» Better capital and reserve management for insurers through more accurate loss forecasting and
portfolio risk aggregation.

* Improved capacity to price and cover genuinely novel and emerging risks, including cyber and
pandemic-related exposures, through continuously updated risk models rather than static historical
tables.

8. CHALLENGES AND RISKS

8.1. Data Privacy and Consent

The extensive data collection underlying Al-driven risk assessment raises significant privacy
concerns. Policyholders may be unaware of the extent to which behavioural, location and health
data are collected and used, and cross-border data flows further complicate consent and data
protection compliance, particularly under evolving data protection legislation such as India's
Digital Personal Data Protection Act.

8.2 Algorithmic Bias and Fairness

Machine learning models trained on historical data can inherit and even amplify existing societal
biases. Variables that act as proxies for protected characteristics, such as postal code as a proxy for
socio-economic or ethnic composition, can result in indirect discrimination even when explicitly
protected attributes are excluded from the model, raising serious concerns about fairness in
premium determination and claims settlement.

8.3 Explainability and the 'Black Box" Problem

Complex models such as deep neural networks often function as black boxes, providing accurate
predictions without a transparent rationale. This conflicts with regulatory and contractual
requirements for insurers to explain underwriting decisions and claim denials to policyholders,
creating tension between predictive accuracy and explainability that the industry must actively
manage through explainable Al techniques.

8.4. Cybersecurity Vulnerability

The same data aggregation that powers Al-driven risk assessment also makes insurers attractive
targets for cyberattacks, given the volume of sensitive personal, financial and health data they hold.
A breach not only exposes policyholders to harm but can also compromise the integrity of the Al
models trained on that data, creating a direct link between the cyber risk theme of this seminar and
the Al risk assessment theme addressed in this paper.

8.5. Regulatory and Governance Gaps

Regulatory frameworks in most jurisdictions, including India, are still evolving to address Al-
specific concerns such as model validation, algorithmic audit and accountability for automated
decisions, creating uncertainty for insurers seeking to scale Al adoption while remaining compliant
with supervisory expectations.
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9. INDUSTRY ILLUSTRATIONS

Globally and in India, insurers have increasingly integrated Al and Big Data into their risk
assessment processes. Several large global insurers have deployed telematics-based motor
insurance programmes that track driving behaviour through mobile applications or in- vehicle
devices to offer personalised premiums. In health and life insurance, wearable-linked wellness
programmes reward policyholders with premium discounts for maintaining healthy activity levels,
using continuously streamed biometric data as a risk assessment input. In the Indian context, several
general and health insurers have adopted Al-based claims processing systems capable of settling
straightforward health and motor claims within hours rather than days, while public and private
insurers alike have begun piloting satellite and drone-based crop damage assessment to support
parametric agricultural insurance under national crop insurance schemes. Similarly, several Indian
insurers have implemented machine learning- based fraud analytics units that screen claims in real
time against historical fraud patterns before disbursement. These illustrations, while not exhaustive,
demonstrate that Al and Big Data adoption in insurance risk assessment is no longer experimental
but an operational reality across underwriting, claims and fraud management functions.

10. REGULATORY AND POLICY FRAMEWORK: THE INDIAN CONTEXT

The Insurance Regulatory and Development Authority of India (IRDAI) has progressively
encouraged the adoption of technology in insurance through initiatives such as the regulatory
sandbox framework, which allows insurers and InsurTech firms to test innovative, data-driven
products and underwriting methods in a controlled environment before full-scale rollout. IRDAI
has also emphasised principles of policyholder protection, requiring that automated underwriting
and claims decisions remain subject to appropriate human oversight and grievance redressal
mechanisms. The broader Indian data protection regime, particularly the Digital Personal Data
Protection Act, imposes consent, purpose- limitation and data-minimisation obligations that
directly affect how insurers can collect and use behavioural and alternative data for risk assessment.
However, India, like most jurisdictions, does not yet have a dedicated regulatory framework
specifically addressing algorithmic fairness, model audit standards or explainability requirements
for Al used in insurance underwriting and claims, an area that is likely to see significant regulatory
development in the coming years as Al adoption deepens across the sector.

11. RECOMMENDATIONS

| Insurers should adopt explainable Al (XAIl) techniques and maintain interpretable model
documentation to satisfy both regulatory requirements and policyholder trust, even when using
complex predictive models.
"1 Regular algorithmic fairness audits should be institutionalized to detect and correct proxy
discrimination arising from correlated variables in risk models.

| Robust data governance frameworks, including data minimisation, purpose limitation and secure
data storage, should be embedded into Al risk assessment systems from the design stage rather than
retrofitted after deployment.

| Regulators should consider developing specific supervisory guidance on Al model validation,
algorithmic accountability and consumer disclosure requirements for Al-driven underwriting and
claims decisions.
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"1 Insurers should invest in cyber security infrastructure commensurate with the volume and
sensitivity of data aggregated for Al-driven risk assessment, recognising data concentration itself
as a material risk.

"1 Academic and professional actuarial curricula should be updated to build combined actuarial
and data science competencies, ensuring the workforce can responsibly manage Al-driven risk
assessment systems.

1 Consumer awareness initiatives should be undertaken to help policyholders understand how their
data is used in premium determination, supporting informed consent and trust in Al-driven
insurance products.

12. CONCLUSION

Artificial Intelligence and Big Data Analytics have fundamentally expanded the insurance
industry's capacity to assess, price and manage risk with a granularity and speed that traditional
actuarial methods could not achieve. From accelerated underwriting and automated claims
processing to sophisticated fraud detection and parametric coverage for emerging risks, the
applications examined in this paper demonstrate that data-driven risk assessment is central to the
industry's response to pandemics, cyberattacks, climate change and political uncertainty, the very
themes at the heart of contemporary insurance innovation. Yet this transformation is not without
significant challenges. Concerns relating to data privacy, algorithmic bias, model explainability,
cybersecurity and regulatory gaps must be addressed proactively rather than reactively if the
benefits of Al-driven risk assessment are to be sustained and equitably distributed. The future of
insurance risk assessment lies not in choosing between actuarial judgement and algorithmic
prediction, but in building a governance architecture where Al and Big Data enhance, rather than
replace, sound underwriting principles, transparency and fairness. Insurers, regulators and
policymakers who invest early in this governance architecture will be best positioned to harness Al
and Big Data as tools for building a more resilient, inclusive and responsive insurance sector
capable of addressing the emerging risks of the twenty-first century.
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